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The  previously  uhrepotted'  ij-Sinyl,  n-hexyl,  n -heptyl  Slid  iji^oetyi  perchlbrstes  y^ere 
prepared  from  the  correspondtog  s%i  iodide  and  silver  perchlorate.  The  pure  perehlo- 
rate  esters  were  stabilized  as  the  endocyte  of  a  ureh  inclusion  Gompound,  The  infrared 
Spectra  and  sorne  physical  properties  are  reported  for  the  t -alkyl  perchlorates. 
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Cdvaleiit  alkyl  j^rGhldrate  esterB  have  been  fepofted^  in  the  literature.  The  referenced 
and  reported  alkyl  perchlorates  are  extremely  unstable  and  treacherous  to  prepare.  Be-- 
cause  of  the  explosioh  hazard  associated  with  these  compounds,  we  undertook  to  stabilize 
these  cbvilent  perchlorates  by  trapping  them  as  the  endocyte  (guest)  in  a  urea  mduslon 
compound-  t%is  approach  was  used  because  the  highly  oxidized  urea  molecule  would  be 
expected  to  act  as  a  protective  cover  for  the  strongly  oxidizing  f -alkyl  perchlorates. 

Discfissidh 


The  n-alkyl  perchlorates  were  prepared  by  the  following  reaction: 

t-Rl  r  A^CIO^’  Agl  ^  (1) 

Gommereialiy  available  “anhydrous”  silver  perchlorate  required  dehydration.  This 
dehydration  is  necessary  because  covalent  perchlorates  are  thermodynamically  unstalde 

to  hydrolysis^.  Ail  of  the  alkyl  percldorates  prepared  were  explosive.  The  smallest  ^1^1 
perchlorate  was  most  sensitive  to  shock.  Although  the  highest  alkyl  perchlorate  was  least 
sensitive  to  shock  after  isolation^  the  higher  temperatures  required  for  distillation  intro¬ 
duced  a  compensatory  hazard. 

The  isolated  perchiorates  were  treated  with  a  urea-methanol  solution.  Crystalline 
urea  -inelusion  compounds  formed  for  the  normal:  amyl,  hexyl,  heptyl  and  octyl  perchlo¬ 
rates - 


The  ease  of  formation  of  the  urea  inclusion  compound  was  proportional  to  the  chain 
length  of  the  ahkyl  perchlorate.  The  resulting  crystalline  complexes  had  no  apparent  shock 
Sensitivity  in  small  quantities  (fig.-  0.5  g).  The  formation  of  the  urea  inclusion  compound 
was  unequivocally  verified  by  the  x-ray  powder  diffraction  data  in  tahte  !•  The  amyl  per¬ 
chlorate  mdusion  compound  is  the  least  stable  and  most  highly  dissociated,  The  following 
Spacings  characteristic  of  urea  inciusion  compounds  are  consistently  present  for  aB  of 
the  perchlorates  except  the  n-amyl:  7.05-7.10,  4.09-4.11,  3.83-3.85,  3.54-3.56,  3.37-3>39 
and  2.60-2.61  A.  These  spacings  have  been  consistently  found  for  urea  inclusion  compounds 

3 

with  various  guest  molecules.  The  spacing  at  3.91-3.98  is  an  intense  and  reliable  spacing 
for  dissociated  tetragonal  urea.  This  data  may  be  used  to  determine  thg, relative  stabBity 


3  4 

Of  the  inclusion  compounds  '  . 

The  lesser  stability  of  the  shorter  endocytes  was  shown  by  the  presence  of  appreciable 
amounts  of  dissociated  urea  in  the  x-ray  powder  diffraction  patterns  of  the  complexes  of 
n-amyl  and  n -hexyl  perchlorates.  The  longer  endocytes.  n-heptyl  and  n-oCtyl  percMorates 
were  free  of  dissociated  tetragonal  urea.  The  relative  intensity  of  the  spacings  for  dis- 

3  4 

sociated  urea  and  inclusion  compound  is  the  basis  of  a  method  *  for  estimating  the 
relative  stabBity  of  the  inclusion  compounds  of  a  homologous  series  of  compleidng  com¬ 
pounds.  hi  table  1.  we  find  that  the  intensity  of  certain  complex  spacings  increases  with 
increasing  number  of  -CH2-  groups  at:  4.07-4.11,  3.54-3:.56  aTid  2.60-2.63.  T^  tt-aniyT 
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perctdorate  inclusion  ompouiu!^  least  stable  and  did  not  show  the  last  spacing^  On 

the  other  hand,  the  intensity  of  the  line  for  dlssoctated  urea  at  3.97^4.01  increased  with 

3  4  S 

decreasing  chain  length.  These  residts  are  consistent  with  those  of  other  studies  '  '  . 

The  cross-sectional  diaineter  of  a  normal  hydrocarbon  (4.6  k)  seems  to  be  close  to  the 

4  5  b 

optimum  for  urea  Channel  complex  formation  '  .  The  measured  maximum  cross.^ 
sectional  diameter  of  the  n-alkyl  perchlorate  was  approximately  5.3  A  under  the  following 


conditions:  1)  The  molecule  was  arranged  in  a  planar  zigzag  conformation  havii^  the 
smallest  maximum  cross  Section.  2)  The  chlorine  atom  was  tetrahedrally  substituted- 
3)  The  atomic  radii  used  for  the  structure  RCH20G10g  were  1.3  A  for  all  the  oxygen  atoms, 


1.5  A  for  chlorine,  1.0  A  for  hydrogen  and  1.3  A  for  carbpn.  The  shortest  hydrocarbon 


which  formed  a  complex  by  this^  procedure  was  n^octane.  Mowever,  the  shortest  fv-alkyl 
perchlorate  to  form  a  complex  was  n^amyl  with  only  5  methylene  groups. 

The  infrared  spectra  of  the  capillary  liquid  film  samples  of  all  the  cv^alkyl  perchlorates 
except  amyl  are  shown  in  figure  1.  The  n-amyl  perchlorate  spectrum  was  not  run  because 
of  its  extreme  instability.  A  comparison  of  absorption  bands  associated  with  the  perchlo^ 
rate  fUnCtidn  are  listed  in  table  2  for  perchloric  acid,  perehlpryl  fluoride^  perchloryl 


benzene  and  our  n-alkyl  perchlorates,  R-0,^C:l;^O.  The  C 1-0  asymmetric 

^0 


gave  a 


doublet  for  the  q -alkyl  perchlorates  and  perchloric  acid.  A  single  band  was  obtained  for 
perehlpryl  fluoride  and  perchloryl  benzene  although  the  latter  probably  has  an  unresolved 
doublet.  In  the  case  of  the  C-O,  Stretching  and  to  a  lesser  extent  the  Gl-Oj  stretching  there 
is  an  increase  in  the  absorption  frequency  with  decreasing  mass  of  the  alkyl  group.  The 
Gl-0,  band  is  also  present  in  perchloric  acid  while  the  G-O ,  stretchihg  is  present  m  the 
alkyl  perchlorates  only. 

The  infrared  spectra  of  the  alkyl  perchlorates  were  Gompared  before  and  after  complex 
formation  to  show  that  the  endocyte  was  unaltered.  These  spectra  were  made  of  the  pure 
liquid  perchlorates  and  the  nujol  mull  of  the  erystalline  urea  complexes  of  the  percldo- 
rates,  The  spectra  of  the  complexes  were  in  each  case  compared  with  the  spectra  of  the 
nujol  mull  of  urea.  The  following  absorption  peaks  were  absent  from  the  urea  Si>eGtrum 
but  appeared  in  the  spectra  of  the  percMorate  inclusion  compounds:  1235,  1270,  1118  and 

917  cm  All  other  peaks  were  present  In  both  the  urea  and  inclusion  compounds’  spectra. 
The  following  pairs  of  absorption  bands  appear  in  the  spectra  of  the  n-alkyl  perchlorate 
complexes  and  the  pure  n-alkyl  perchlorate  respectively:  917  and  925,  1118  and  1120,  1235 

and  1220.  1270  and  1270  cm’^ 


m  the  preparation  of  a  nujol  mull  of  an  n-alkyl  perchlorate  urea  inclusion  compound,  it 
is  possible  that  the  nujol  may  replace  the  perchlorate  as  the  endocyte  in  the  inclusion 
compound.  This  does  not  complicate  the  situation  because  we  only  want  to  show  that  the 
endocyte  of  the  inclusion  compound  was  a  perchlorate. 

Sufficient  data  is  available  (see  table  3)  for  determining  the  molecular  refraction  for 
n-hexyl  and  13  -octyl  perchlorates  only.  Using  the  Lorentz  and  Lorenz  equation  the  values 
obtained  for  the  molecular  refraGtion  of  the  n-hexyl  and  n -octyl  perchlerateS  were  55. 48 

and  66.88  respectively.  If  we  subtract  the  refractivity  value  for  n-GgHj^2(28.86)^®  and 
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n-^CgHj^  (38.14)^®  from  55.48  and  66.88  respectively,  we  Obtain  Values  of  27.62  and  28.74 


for  the  refraptivity  of  the  perchiorate  group  in  the  two  separate  compounds.  NO  value  for 
the  refractivity  of  the  perchlorate  group  in  a  covalent  perchlorate  ester  has  been  found  in 
the  literature. 


Experimeiitdl 


Pehydratlon  of  Stiver  Perchiorate  ^  Commercial  “anhydrous'’  silver  perchlorate  (25g) 
was  added  to  150  ml  of  benzene  in  a  flask  fitted  with  a  Dean  and  Stark  distilling  receiver; 
'Phe  solution  was  refluxed  until  all  water  was  azeotropically  removed  (four  hours).  Itlie 
solution  was  cooled  and  treated  with  100  ml  of  dry  pentane.  The  precipitated  silver  per^ 
chlorate  was  filtered  in  a  dry  nitrogen  atmosphere.  The  silver  perGhlorate  was  dried  in  a 
desiccator  over  phosphorous  pentoxide  at  1  mm  for  24  hours  leaving  21  g  of  anhydrous 
silver  perchlorate. 


Preparation  of  Mkyl  Perchlorate  -  To  a  mixture  of  50  ml  of  pentane  and  0. 1  mole  of 
anhydrous  silver  perchiorate  in  a  round  bottom  flask  (fitted  with  a  magnetic  stirrer,  re¬ 
flux  condenser,  addition  funnel  and  drying  tube)  was  added  drOpwiSe  with  stirring  at 
room  temperature,  0.05  mole  of  o.‘alkyl  iodide  dissolved  in  15  ml  of  a-pentane.  An  im¬ 
mediate  yellow  precipitate  of  silver  iodide  formed.  The  reaction  mixture  was  stirred  for 
four  hours  after  the  addition  was  completed.  The  solid  silver  iodide  was  separated,  from 
the  ft  -alkyl  perchiorate-pentane  solution  by  filtering  through  an  anhydrous  sodium  car¬ 
bonate  bed  in  s  dry  box  under  a  nitrogen  atmosphere.  The  silver  iodide  precipitate  was 
Washed  with  50  ml  Of  ft-pentane.  The  Q-pentane  was  evaporated  at  room  temperature  by 
passing  dry  nitrogen  through  the  solution  protected  by  a  drying  tube  for  two  hours.  iMs 
was  either  done  immediately  or  the  n -pentane  solution  was  stored  overnight  over  anhy¬ 
drous  Sodium  carbonate  before  filtering  and  concentrating.  In  this  way  about  90  percent 
of  the  ft-pentane  was  removed.  The  remaining  material  in  the  flask  was  distilled  undet 
vacuum  with  a  mtrogen  capillary  bleed  after  a  small  forecut  of  ri -pentane  was  removed 
by  using  an  eight  inch  Vigreux  Column.  The  yield  in  each  case  was  between  90-95  percent 
based  on  the  Silver  iodide  precipitated.  Recoveries  were  always  appreciably  less,  ranging 
between  60-75  percent. 

Although  the  thermal  and  drop  weight  stability  for  the  perehlorateS  were  not  very 
reproducible,  the  results  indicate  the  relative  instability  of  these  compounds.  The  com¬ 
pounds  were  detonated  by  a  five  kilogram  weight  dropped  from  a  height  of  between  2  and 
5  inches.  The  shorter  pereWorates  Were  most  sensitive.  The  charring  temperature  of  the 
perchlorates  varied  between  150  and  350"C.  These  values  varied  considerably  but  were 
generally  proportional  to  the  chain  length  of  the  n-alkyl  group.  The  properties  and  analy^ 
sis  of  the  perchlorates  are  listed  in  table  3. 


Perchlorate  Analysis  -  The  distilled  p-alkyl  perchlorates  were  analyzed  by  dissolving 
ca.  2g  of  ft-alkyl  p>erchlorate  in  25  ml  pf  concentrated  aqueous  ammonium  hydroxide  and 
75  ml  of  95  percent  ethanol.  The  liquid  was  evaporated  to  near  dryness  and  the  residue 

was  analyzed  by  the  nitron  method. 
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Uf  e«  Inclusion  expounds  -  the  urea  inclusion  compounts  Of  the  n  perchlOirate 
were  prepared  by  a  previously  described  proGedurev^ 

Infrared  Analysis  -  The  liquid  film  infrared  analysis  of  the  liquid  n -alkyl  perchlorates 
was  peFformed  between  sodium  cMoride  windows  on  a  Perkin  Elmer  infracord.  The 
c^stMline  urea  inclusion  eompounds  were  exammed  as  nujol  muHs  on  a  Perkin  Ehner 
21  instrument.  The  ^ctrum  for  g-^amyl  perchlorate  was  not  measured  because  of  its 
inStaMity. 

...  .4 

X^Ray  Powder  l^ffraction  Analysis  -  This  was  done  by  a  previously  described  pro- 
Gedure. 
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X-Ray  Powder  Patterns  of  Urea  Inclusion  Compounds  of  n -Alkyl  Perchlorates 
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Table  2 

Related  AbBorptien  Bands 


Deseriptldn 

C 1  -0  asynunetric  atretching 
Gl‘^0  symmetric  stretching 

€1^0,  etretching 


Frequency  (era”  ) 


Ours 

1230,1260 

1035 


€^^30010^709 

0711^300103705 

0311^^00103704 

O3H13OOIO3II2S 

OyH^3OeiO3ll05 

OgHj^0OlO3lO80 


MOOIO3"  0103?' 

1182,1312  :  1191 

1032  1075 
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Figure  1:  Infrared  Spectra  of  Perchloratei 
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